Background: Amino-terminal pro-B-type natriuretic peptide (NT-proBNP) level is useful to diagnose or exclude acutely decompensated heart failure (ADHF) in dyspnoeic patients presenting to the emergency department (ED). Aim: To evaluate the impact of ED NT-proBNP testing on admission, length of stay (LOS), discharge diagnosis and longterm outcome. Methods: Dyspnoeic patients were randomized in the ED to NT-proBNP testing. Admission and discharge diagnoses, and outcomes were examined. Results: During 17 months, 470 patients were enrolled and followed for 2.0±1.3 years. ADHF likelihood, determined at study conclusion by validated criteria, established ADHF diagnosis as unlikely in 86 (17%), possible in 120 (24%), and likely in 293 (59%) patients. The respective admission rates in these subgroups were 80, 91, and 96%, regardless of blinding, and 61.9% of blinded vs. 74.5% of unblinded ADHF-likely patients were correctly diagnosed at discharge (p=0.029), with similar LOS. 2-year mortality within subgroups was unaffected by test, but was lower in ADHF-likely patients with NT-proBNP levels below median (5000 pg/ml) compared with those above median (p=0.002). Incidence of recurrent cardiac events tracked NT-proBNP levels. Conclusion: ED NT-proBNP testing did not affect admission, LOS, 2-year survival, or recurrent cardiac events among study patients but improved diagnosis at discharge, and allowed risk stratification even within the ADHF-likely group. (ClinicalTrials.gov#NCT00271128)
Introduction
Studies have established B-type natriuretic peptide (BNP) and amino-terminal proBNP (NT-proBNP) assays as effective tests that reliably evaluate for acutely decompensated heart failure (ADHF) in patients presenting to the emergency department (ED) with dyspnoea. [1] [2] [3] [4] Testing for BNP or NT-proBNP was useful in ADHF patients with impaired as well as with preserved systolic left ventricular function. 5 Pre-admission NT-proBNP improves diagnostic yield and risk stratification − the NT-proBNP for EValuation of dyspnoeic patients in the Emergency Room and hospital (BNP4EVER) study Mueller et al. 6 have shown that the application of a point-ofcare BNP assay in the ED decreased admission rate, shortened length of stay (LOS), and saved healthcare resources. In the prospective multicentre IMPROVE-CHF study, 7 NT-proBNP testing in a central laboratory was associated with higher diagnostic accuracy, cost savings, and improved selected outcomes. Post-hoc analysis of patients with blinded ED results showed that natriuretic peptide level was also indicative of short-and long-term prognosis. 8, 9 However, overall experience with respect to the impact of natriuretic peptide testing in the ED on hospital diagnosis at discharge and on long-term outcome is lacking.
Based on available data, we assumed that measuring NT-proBNP level, even in a central laboratory set up, in patients presenting to the ED with dyspnoea would improve the accuracy of ADHF diagnosis affecting admission. Moreover, we hypothesized that the availability of NT-proBNP level in the ED may also increase the diagnostic accuracy at discharge in admitted patients. This, in turn, could possibly affect outcomes following index admission by improving management. We, therefore, conducted a prospective, randomized, two-centre study [the NT-proBNP for EValuation of dyspnoeic patients in the Emergency Room and hospital (BNP4EVER) study, Clinical Trial registration NCT00271128], to evaluate the impact of a central laboratory NT-proBNP testing in the ED on admission rate and on discharge diagnosis and therapy of ADHF in hospitalized patients. We also assessed in a post-hoc analysis the associations between NT-proBNP testing in the ED and 2-year outcome in terms of mortality and readmissions for cardiac events.
Patients and methods

Study design and population
The present study (BNP4EVER) was an investigator-initiated, prospective, randomized, two-centre study with no extramural funding and approved by the local institutional review board. The study population included consecutive patients with objective evidence of dyspnoea presenting to the ED of participating medical centres during daytime hours. Exclusion criteria were age <18 years or the presence of other overt disease known to cause acute dyspnoea, such as trauma, chronic obstructive pulmonary disease exacerbation, acute myocardial infarction, or pneumonia. Informed consent was obtained from eligible patients in the ED and a blood sample for NT-proBNP was immediately drawn and sent to the central laboratory for analysis.
A provisional diagnosis of either ADHF or a non-ADHF aetiology as the cause of dyspnoea was determined in the ED by attending physicians prior to receipt of NT-proBNP results. Blood samples were processed for NT-proBNP at the central laboratory of each centre and randomized in four-patient blocks to blinded or unblinded test results.
When unblinded, test results were immediately reported to the ED and to the medical ward in case of admission. During hospitalization, attending physicians based the diagnosis of ADHF or non-ADHF aetiology as the cause of dyspnoea on history, physical examination, and auxiliary testing (chest radiography, electrocardiography, and echocardiogram) and on NT-proBNP level when unblinded. After study launch, we decided to evaluate post hoc the impact of NT-proBNP testing in the ED on all-cause mortality and readmission for cardiac events at 2-year follow up.
NT-proBNP analysis
NT-proBNP level was measured with a commercially available immunoassay (Elecsys proBNP; Roche Diagnostics, Indianapolis, Indiana). In short, a 10-µl serum sample was incubated with biotinylated polyclonal capture antibodies and polyclonal ruthenium-complexed detection antibodies directed against NT-proBNP. These were bound to streptavidin-coated paramagnetic microparticles and quantitated by electrochemiluminescence. The NT-proBNP assay does not cross react with the 32 amino acid BNP molecule (<0.001%). The planned turnaround time of test to result report was 2 hours.
NT-proBNP-based diagnosis of ADHF
In the final analysis of study results and for the diagnosis or exclusion of ADHF, we employed the NT-proBNP cutpoint strategy validated by Januzzi et al. 9 Briefly, an NT-proBNP level <300 pg/ml, regardless of age, denoted an unlikely diagnosis of ADHF and was termed 'ADHF-unlikely'. Patients whose NT-proBNP level was between this rule-out cutpoint and their age-adjusted rule-in cutpoint were termed 'ADHF-possible'. An NT-proBNP level above age-adjusted rule-in cutpoint was denoted 'ADHF-likely'. A diagnosis of ADHF determined according to NT-proBNP level was the standard against which the accuracy of the clinical diagnosis was appraised. This scale was found to be valid even in patients with reduced renal function. 10 After the introduction of the NT-proBNP test into the central laboratory, ED and medical ward physicians were trained in its use. 11 
Data collection, diagnosis, and heart failurespecific therapy
Following recruitment and admission, patient details, LOS, blood test results, and medications prescribed and diagnosis at discharge were documented. A diagnosis of ADHF at hospital discharge was defined in this study with fulfilment of either (1) heart failure explicitly specified as a discharge diagnosis or (2) heart failure listed as major cause for admission in discharge report, with discharge medications include at least three of the drug categories used to treat heart failure. These drug categories comprise the angiotensinconverting enzyme inhibitors or angiotensin receptor blockers (grouped as angiotensin antagonists; AA), heart failure-specific beta-blockers (including carvedilol, bisoprolol, and extended-release metoprolol; BB), furosemide, aldosterone antagonists, digoxin, and nitrates. If these conditions were not fulfilled, an alternative diagnosis was established according to main discharge diagnosis. heart failure-specific medical treatment, i.e. AA and heart failure-specific BB, at discharge were recorded.
Mortality and follow up events
We followed patients for 2 years and obtained all-cause mortality by matching patient identification numbers with the records of the national population registry. Admissions for recurrent cardiac events (heart failure, coronary events, or arrhythmia) were documented according to hospital records.
Statistical analysis
Chi-squared test with Pearson correction was applied to evaluate the significance of difference in the rate of ADHF diagnosis between blinded and unblinded ADHF-likely patients. The Kruskal-Wallis test was applied to evaluate the association between admission rate and NT-proBNP levels among study groups. Kaplan-Meier curves were drawn for comparison of overall survival and cardiac eventfree survival intervals between groups and within the ADHF-likely subgroups. A multivariable Cox regression model using the Forward Wald method to determine predictors of survival was applied to identify significant univariate variables. Hazard ratios (HR) with 95% confidence interval (CI) and p-values by likelihood ratio test were presented. p≤0.05 was significant. Analyses were performed using SPSS 11.5 (SPSS, Chicago, Illinois, USA). Figure 1 ). Study population included 232 men (70.1±14.5 years) and 238 women (74.4±12.9 years, p<0.001 compared with males). Time from ED presentation to blood sampling was 11±13 minutes, and time from sampling to assay processing and report was 150±104 minutes. Study subgroups according to blinding were comparable. No difference was detected by blinding within the entire study population or within the largest subgroup of ADHF-likely patients ( Table 1) . Study patients were followed for 2±1.3 years (median 2, range 0-3.9 years) after discharge, with 245, 221, 199, 186, 172, 165, and 162 ADHF-likely patients followed for 6, 12, 18, 24, 30, 36, and 42 months, respectively.
Results
Patients
Diagnosis of ADHF and admission rate
Diagnosis rates of ADHF in the ED and at discharge, and admission rates by groups and blinding are shown in Table 2 . Most patients were admitted to the hospital. Twenty-four ADHF-unlikely patients (27% of subgroup), 13 ADHF-possible patients (11%), and 13 ADHF-likely patients (4%) were discharged at the ED. No difference was observed in the admission rate between blinded and unblinded patients within each group. Admission rate within the entire study population was 90.9% in blinded and 93.4% in unblinded patients (p=0.32). The pre-test alternative diagnoses in undiagnosed ADHF-likely patients were mostly of pulmonary aetiology (51%).
LOS and discharge diagnosis
LOS in blinded study patients was 4.8±3.8 days (median 3) vs. 5.3±4.3 (median 4, p=0.13) in unblinded patients. LOS was 4.4±3.6 (median 3), 3.6±2.2 (median 3), and 5.5±4.3 days (median 4) in the blinded unlikely, possible, and likely ADHF patients, compared with 3.7±3.1 (median 3, p=NS), 5.5±5.4 (median 4, p<0.027), and 5.7±4 days (median 5, p=NS) in the unblinded subgroups, respectively. When stratifying the ADHF-likely patients by median NT-proBNP level (5000 pg/ml), LOS was 5.4±4.2 days (median 4) in the below-median ADHF-likely patients, and 5.7±4.1 days (median 5, p=0.43) in the above-median patients. Among all patients admitted, ADHF was diagnosed at discharge in 54.7% of unblinded vs. 44% of blinded patients (p=0.049). No difference in the diagnosis of ADHF at discharge Values are n (%), mean±SD, or median (interquartile range). a−c Diagnosis of ADHF at the ED prior to test results: a p<0.001 compared with ADHF-possible and likely groups, p=NS between blinded and unblinded subgroups for all ADHF categories; b p<0.001 between ADHF-likelihood subgroups; c p=0.029 compared with blinded patients.
between blinded and unblinded patients in the ADHFunlikely and ADHF-possible subgroups was observed ( Table 2 ). In contrast, there was an increased rate of correct recognition of ADHF in unblinded (74.5%) compared with blinded ADHF-likely patients (61.9%, p=0.029). Discharge diagnosis in 56% of undiagnosed ADHF-likely patients involved pulmonary disease.
Mortality and follow-up events
Sixteen patients (3.5%) died during admission, including 13 ADHF-likely patients (5.9%, six among the blinded and seven among the unblinded patients, p=NS) and three ADHF-possible patients (3.3%) died during admission. The 2-year survival and recurrent cardiac event-free survival analysis showed a significant difference between the ADHF-unlikely, -possible, and -likely groups (p<0.0001) with an even more pronounced effect observed on recurrent cardiac events. Table 3 shows cumulative overall survival and recurrent cardiac event-free survivals, as well as rates of BB and AA therapy at discharge in the ADHF-likely patient subsets. The cumulative and recurrent cardiac event-free survival curves for all study patients ( Figure 2 ) and for the ADHFlikely patients (Figure 3 ) according to blinding, as well as that for the ADHF-likely patients by discharge diagnosis of ADHF ( Figure 4 ) and median NT-proBNP ( Figure 5 ) are presented. Availability of NT-proBNP level in the ED was not associated with improved 2-year survival in ADHF-likely patients (Table 3 ). Furthermore, even in ADHF-likely patients stratified by discharge diagnosis of ADHF, the survival curves showed, surprisingly, only a trend toward a benefit in the appropriately diagnosed patients (Figure 4) . In contrast, cardiac event incidence was significantly higher in the latter compared with that in the undiagnosed ADHF patients. Examination of these subgroups revealed a significant NT-proBNP level difference, with higher NT-proBNP levels in patients appropriately diagnosed with ADHF (6140 pg/ml) compared with undiagnosed ADHF-likely patients (4444 pg/ml, p=0.029, Table 3 ). The correctly diagnosed ADHF-likely patients experienced more recurrent cardiac events putatively because of their more advanced disease, which likely offset any possible therapeutic benefit resulting from proper diagnosis. Given the finding that not all ADHF-likely patients fared similarly, we examined survival in ADHF-likely patients by median NT-proBNP (5000 pg/ml). This analysis showed that survival at 2±1.3 years was 51% for patients with below median NT-proBNP level compared with 31% for those with above-median NT-proBNP level ( Figure 5 , Table 3 , p=0.002), underscoring the prognostic importance of NT-proBNP level even within the ADHFlikely group. Consequently, we evaluated as a post-hoc analysis the impact of correct diagnosis in ADHF-likely patients according to median NT-proBNP value. This demonstrated that correct diagnosis in patients with below median NT-proBNP values was associated with better survival at 16 months (p<0.01) but not at 3 years ( Figure 6A ) when a 'catch-up' phenomenon occurred resulting in similar survival. This effect was not observed in ADHF-likely patients with above-median NT-proBNP values ( Figure 6B) .
The ADHF-likely patients were, in general, older and sicker patients with more concomitant illnesses reflected in their high mortality and rate of recurrent cardiac events (Table 3 ). There was a significant difference between the use of heart failure-specific BB in the undiagnosed and in the appropriately diagnosed ADHF-likely patients in both the below-median NT-proBNP subgroup (6% vs. 31%, p<0.005, Table 3 ) and the above-median NT-proBNP subgroup (23% vs. 49%, p<0.0075). No difference in use of AA between subgroups was observed.
Predictors of survival
Multivariable Cox regression analysis of the significant univariate predictors yielded diastolic blood pressure (hazard ratio, HR, 0.97, 95% CI 0.95−0.99, p=0.001), urea concentration (HR 1.02, 95% CI 1.002−1.02, p=0.023), and AA use (HR 0.58, 95% CI 0.35−0.98, p=0.04), but not age, creatinine level, or systolic blood pressure, as predictors of survival.
Discussion
The prevalence of heart failure during the last decade is on the rise and it is a common cause for ED referrals and hospitalizations. Accurate diagnosis of heart failure in the hospital is essential to guide therapy, to improve symptoms and prognosis, and to save on mounting health expenditure. 12 Uncertainty in making the diagnosis while evaluating dyspnoea is associated with more hospital resource utilization and longer LOS, in addition to worse outcomes. 13 Thus, the NT-proBNP test that may reduce uncertainty in the evaluation of acute dyspnoea is helpful, although little is known about its impact on discharge diagnosis and outcomes. We have assessed the effect of ED NT-proBNP testing in dyspnoeic patients on admission, discharge diagnosis, and outcomes using the agestratified NT-proBNP scale, shown to yield 88% positive predictive value for diagnosis of ADHF, 9 as a benchmark to evaluate ADHF probability.
Diagnosis of ADHF in the ED
Despite a primary diagnosis of ADHF in the ED prior to test results in 17, 54, and 76% of patients in the three study subgroups, admission rates were high in all three subgroups regardless of pre-test clinical likelihood ( Table  2 ). The percentage of patients not admitted to the hospital seemed to correspond with the degree of symptom severity, i.e., patients with milder symptoms, such as the ADHF-unlikely patients, were more readily discharged at the ER. On the other hand, a higher percentage of the more symptomatic ADHF-likely patients were admitted. Despite a difference in admission rate among subgroups, probably reflecting symptom severity, we observed no difference in admission rate by blinding within subgroups. Hence, in the present setup, availability of test results did not affect the decision to admit these symptomatic patients, as observed also in the IMPROVE-CHF study 7 and by Schneider et al. 14 Both these studies demonstrated similar admission rates to those in the present study, in contrast to a possible reduction reported in a recent relatively large meta-analysis. 15 This neutral finding could plausibly be the result of central laboratory testing involving a necessary turnaround time. However, it may also reflect the fact that physicians are generally more likely to discharge mildly symptomatic patients but not the very symptomatic ones. Robaei et al. 16 have shown in 68 patients presenting to the ED with dyspnoea and possible heart failure that NT-proBNP testing improved diagnostic accuracy, however, they did not report the effect on admission. It seems that in practice when older and sicker patients are concerned, such as those enrolled in the present study, uncertainty dictates the need to admit whether the problem is ADHF or not. 
Effect of test on LOS
We have not observed a difference in LOS according to blinding among all study subgroups including the sicker ADHF-likely patients with the exception of the ADHFpossible patients. It is feasible that an intermediately elevated NT-proBNP level in unblinded ADHF-possible patients prompted a more extensive work up. Murtagh et al. 17 have evaluated the effect of the NT-proBNP assay on hospital LOS and in-hospital mortality in 574 patients admitted to an acute medical admission unit. They found that a significantly elevated NT-proBNP level, in the ADHF-likely range, was associated with prolonged hospitalization with a median LOS of 9 days in patients diagnosed with heart failure. An NT-proBNP level >5000 pg/ml was predictive of both LOS >9 days (odds ratio, OR, 1.54 (95% CI 1.06−2.24, p=0.02) and LOS >14 days (OR 1.87, 95% CI 1.29−2.71, p=0.0009). A recent meta-analysis analysing five heterogeneous trials found a modest benefit, of about 1-day reduction in LOS in tested patients. 15 However, variability in the LOS was large, ranging from 6 to 11 days, reflecting trial diversity, while LOS reduction was particularly seen in trials with longer hospitalization, such as the study by Murtagh et al. 17 In the present study, median LOS across all subgroups was about 4−5 days, which may explain the lack of observed benefit.
In-hospital mortality
Murtagh et al. 17 showed in 574 admitted patients that of the 396 patients with NT-proBNP <5000 pg/ml, 8.1% died during admission compared with 22.5% of the 178 patients with NT-proBNP values >5000 pg/ml (p<0.0001). Similarly, of the 16 patients in the present study who died during hospitalization, most were among the ADHFlikely subgroup irrespective of blinding. This is in accordance with the meta-analysis by Lam et al., 15 which found that testing did not affect conclusively hospital mortality rates.
Diagnosis of ADHF at discharge
Among ADHF-likely patients admitted to the hospital, a discharge diagnosis of ADHF was determined in only 61.9% of blinded compared with 75% of unblinded patients (p<0.029). This suggests that, when NT-proBNP was unknown, one ADHF patient in three was missed. Thus, the availability of the NT-proBNP test resulted in improved accuracy of ADHF diagnosis at discharge. Yet, even when NT-proBNP was known, one of four subjects was still undiagnosed, possibly due to an atypical presentation, concomitant diseases, or inexperience in interpretation of NT-proBNP values. It is possible that the gap between rates of correct diagnosis in the blinded and unblinded groups could increase further with experience.
Therapy at discharge and 2-year outcome
We did not prove the hypothesis that knowledge of NT-proBNP during admission would improve long-term outcomes in the entire cohort or in ADHF-likely patients. Figure 6 . Cumulative survival curves for acutely decompensated heart failure (ADHF)-likely patients with NT-proBNP <5000 pg/ml (A) and >5000 pg/ml (B) according to discharge diagnosis of ADHF Solid line, misdiagnosed patients; broken line, properly diagnosed patients. There are no significant differences. There was a significant survival benefit at 16 months after discharge in patients with below-median NT-proBNP (p<0.01) that cancelled out at the end of follow up.
